Several techniques for the analysis of RNA structure or metabolism are based on size determination by electrophoresis in denaturing gels. When electrophoretic separation is performed in polyacrylamide/urea gels, 32 P endlabeled DNA fragments are frequently used as size markers. However, DNA and RNA molecules do not migrate at identical rates in this gel system (9) . Large RNAs or mRNAs are usually separated in denaturing agarose gels. The ribosomal RNAs (18S or 28S) are commonly used as size markers, but these only provide an approximation of size. An alternative is to visualize three or four mRNAs of known size with cDNA probes, but this is a tedious procedure. More common is the use of commercially available RNA markers that are revealed by staining. However, positioning the stained membrane or gel relative to the autoradiogram is a potential source of error. It appears therefore that none of these commonly used size markers are completely satisfactory, but they are continually used, perhaps because making radioactive RNA size markers is considered laborintensive.
Radiolabeled RNA molecules can be easily made by the in vitro transcription of DNA templates in the presence of [ α -32 P]UTP (8) . DNA templates to make radioactive RNA markers are commercialized by several companies, but these would appear to be of limited use because of the extended size range (5-8 kb). Shorter-range RNA ladders have been described that use either templates made from several plasmids, each linearized with a different enzyme (7), or a single plasmid that generates an RNA containing twocisribozymes (3) . The first method is relatively time-consuming, and the second is limited in the range of size markers produced. We describe the design and use of DNA transcription templates that allow three sets of nested 32 P-labeled RNA size markers to be made from a single plasmid.
The following criteria were retained to screen plasmids as a potential source for the in vitro transcription templates: (i) transcription should be from the T7 promoter, because this commercially available RNA polymerase is both highly efficient and cost-effective. In our hands, the T7 RNA polymerase is also more stable than the T3 RNA polymerase, and both T7 and T3 polymerases are more efficient than the SP6 polymerase; (ii)the templates should be derived from the same plasmid to circumvent eventual variations in the efficiency of the T7 promoter in different contexts; and (iii)the restriction enzymes used to linearize the plasmids should create 5 ′ protruding or blunt ends, be readily available from most suppliers and be inexpensive.
The plasmid retained (pXLPP2Ac) was that containing the 1556-bp cDNA of the Xenopus laevisphosphatase 2A catalytic subunit (PP2AC) cloned into the Eco RI site of pBluescript ® KS(-) (Stratagene, La Jolla, CA, USA) (5). Plasmids for in vitro transcription were prepared as described by Bouvet et al. (4) . Table 1 lists the restriction enzymes used to prepare the transcription templates and the length of the transcribed RNA for each enzyme. The digested plasmids were extracted with phenol/ chloroform and precipitated with ethanol in the presence of 150 mM NaCl. After solubilizing in water, the templates were mixed in the weight proportions given in Table 1, which are   612BioTechniques Vol. 23, No. 4 (1997) approximately inversely proportional to the length of the synthesized RNA. The three sets of RNA markers have distinctive patterns (Figure 1 ) that easily allow band identification even in the case of inadvertently overrun gels. The mixed templates were separated into 1-µ g aliquots (total template), ethanol-precipitated and stored as alcohol pellets at -20°C. By taking these minimal precautions, we have found that in vitro transcription templates can be stored for at least 5 years. The RNA markers were synthesized as uncapped molecules using 1 µ g of the mixed templates. The T7 Transcription Kit (Promega France, Charbonnieres, France) was used according to the manufacturer's instructions with 500 µ M NTP and 10 µ Ci [ α -32 P]UTP. The synthesized 32 P-labeled RNA markers were precipitated by 2 vol of ethanol in the presence of 2.5 M ammonium acetate. They were stored at -20°C ready for use after being solubilized in 80% formamide buffered with 50 mM Tris-borate (pH 8.3) and 1 mM EDTA. The useful shelf-life of these markers stored at -20°C was at least 3 months and was dictated by the 32 P half-life and not by the stability of the RNA molecules. A single transcription reaction produced an amount of RNA marker sufficient for about 500 gels, with two lanes of markers per gel and using an autoradiographic exposure time of several hours. Figure 1 shows applications for these autoradiograms of the three sets of RNA markers. The autoradiographic data from an experiment using the lowrange markers is shown in Panel A (lane 1). The experimental data (lanes 3-6) illustrate the rapid deadenylation of this Eg5-derived poly(A) + RNA injected into X. laevis embryos (6) . Using the RNA size markers, we calculated that the length of the injected RNA decreases from 286 nucleotides (nt) to a minimum value of 212 nt, which is the size expected for the fully deadenylated transcript.
Panel B shows data from a control in which the medium-size RNA markers (lane 1) were used to measure the length of the poly(A) tail added to an RNA in vitro by the E. coli poly(A) polymerase (10) . Lane 2 shows the migration of the initial poly(A) -GbORF RNA (1) and of another in vitro-synthesized RNA of 660 nt used as an internal control. Lane 3 shows the migration of the in vitropolyadenylated GbORF RNA. Using the RNA size markers, we calculated that the in vitro-polyadenylated RNAs had a poly(A) tail of 60 ± 5 nt.
The high-range markers are shown in Panel C (lane 3) along with samples of X. laevismaternal mRNA (lanes 1 and 2) hybridized with a cDNA probe to ornithine decarboxylase (ODC) mRNA (2) . Using the high-range RNA size markers, we calculated that the length of the ODC mRNA was 2100 ± 25 nt in the unfertilized egg RNA sample (lane 1) and 2225 ±25 nt in the sample from four-hour embryos (lane 2). The length of this mRNA was previously estimated, relative to the rRNAs, to be 2400 nt (2) .
In conclusion, we have described a series of in vitro transcription templates that allow three series of radiolabeled RNA size markers to be produced using well-proven methods and commercially available in vitro transcription kits. The size of these markers ranges from 148 to 3621 nt. The transcription templates are derived from the same plasmid and can be stored as a ready-to-use mixture for several years. Therefore, for a laboratory of 5 to 10 research workers, a single large-scale preparation can produce a stock of templates sufficient to reproducibly make these RNA size markers for several years. pXLPP2Ac is available from the authors' laboratory upon request.
